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DIGEST

The objectives of this program are (1) to develop o
quality control test for CS-2 which will insure that the product
accepted will be reaerosolizable, and (2) to study the surface
chemiatry of powders tc deteormine the factors that limit their
dissemination by pneumatic and explosive means.

A performance Index 1s suggested that should be a
measure of how well a powder performs in terrain denial applica-
tions, and an experimental program has been designed to determine
quantitatively the relative value of several powders for this
application. The suggested approach should make 1t pecssible to
determine the optimum values of reaerosollzabllity, hydrophobicity,
and particle slze for terrain denial powders.

New coatings have been formulated that should maximize
certain effects such as nydrogen bonding, hydrophobleity, antista-
tic qualities, and lubricity, and these coatings have been applied
to portions of a single sample of Cab-o=sil in preparation for
mixing with CS and testing for disseminability.

Presized samples of CS, cornstarch, glycine, resorcinol,
and saccharin were coated with Cab-o-sil and HMDS-coated Cab-o-s11l
from a slngle batch of silica powder by blending in an Oster
blender. The disseminabllity of these powders differed
significantly, dependlng upon which substrate particles were used
and whether the Cab-o0-sil was HMDS-coated or not.

Tests on CS~2 powders showed that reaerosollzability
in all cases increased with increasing sample size. A sharp rise
in reaerosollizability was observed for some powders at a sample
thickness of €.04 em, but thils thickness 1s greater than would be
practical for use under field conditions. Powders that had been
exposed to humidity were conslderably less reaerosclizable than
“hose that were stored dry. Multiple correlation analysis of
previous data shows a good - correlation between the logarithm
of reaerosclizablility and the reciprocal of percent water, hydro-
phobicity, the reciprocal of fluild density, and the ratic cf hvdro-
phobicity to fluid density. It appears llkely that humidity,
therefore, will have a conslderable effect upon the performance
index of terraln denial powders.
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STUDIES OF SURFACE CHEMISTRY OF SOLIDS IN DISSEMINATION

1. INTRODUCTION

This contract involves two related but individual
studies: (1) 1lnvestigation oI tne surrlace chemistry of coated
solids and the effects of these coatings on disseminability by
explosive and pneumatic means, and (2) development of guality
control tests that characterize C3-2. Although information
from each of these studies may influence the other, the two ob-

Jectives are distinct and separate.

The investlgation of the surface chemlstry of powders
in Task I relative to their pneumatlc and exploslve disseminatlon
is needed because previous research has ylelded results that are
as yet unexplalnable. Highly flowable powders, such as CS-2,
which are more readily dlsseminable pneumatically than other types
of CS, are little better than the other types when disseminated
explosively. Also, if CS-2 disseminates pneumatlcally better
than other types of CS, one wonders 1f there are other types of
coatings that would allow treated powders to be disseminated
still more effectively than CS-=2. The objJectives of Task I are
therefore to apply different types of coatings to powders, charac-
terize them, and study their performance in dissemination tests
in order to gain insight intc the mechanisms that limit dissemina-
tion of powders.

The goal of Task II is the development of simple, but
significant, quality control tests to aild in the selection of
the best large scale ccating process for the product and will
be the basis for preparation of specifications on the mass-produced
material. When producing materials on a large scale, controlling
all processing varlables as closely as posslble 1n small scale
laboratory preparations is difficult. Changes occur in the process
that may affect the quality of the product result. Quality con-
trol tests must be developed to differentliate between surface-
treated CS-2 that will perform effectively and that which will
not be so effectlve. Until the varlables affecting the perform-
ance of CS-2 are identifled and simple tests devised to measure
these variables, the optimum process to be used 1In producing CS-2
on a large scale cannot be selected.
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2. ANALYSIS OF THE PROBLEM

2.1 What 1s the Problem?

The biggest problem in the current investigation of
use of CS8-2 for terrain danlal applications is to define which
powders perform best in actual usage. Once we Know this, we
can perform many tests and analyses on these powders (assuming
that truly representative samples are used) and ultimately find
quality control tests which differentiate between good and bad
samples. Our most pressing need, therefore, 1s to experimentally
test powders 1in some meaningful way so as to obtain samples of
powders we can confildently and quantitatively classify according
to usefulness.

2.2 Major Factors Involved

At least three major properties affect the problem
of maximizing the effectliveness of (CS-2 for terrain denlal appli-
cations: (1) reaerosolizability, (2) persistence, and (3) logis-
tic practicallty (Ref. 1). The thickness of spreading is impor-
tant because at the concentration or 50 grams per square meter
that has been experimented with, the powder regqulrement would be
quite high (143 tons per square mile)}. Fileld tests have definitely
established that CS8-2 is suffiliclently reaerosollzable fto be defi-
nitely effective In terrain denlal. Fileld tests have also 1Indicated

that CS-2 1s persistent when deposited on the ground, even 1f it
comes in contact with moisture.

Certain properties that are desirable for CS-2 are ob-
vicus. One 1is persistence for a long period of time. Another
1s 1ts effectliveness when distributed 1n small concentrations
per square foot. The effectiveness of a powder 1n denying a
square foot of terrain wlll probably be a function both of 1ts
ability to persist (tielther blow away excessively nor degrade

quickly upon weathering) and upon the concentration at which it
1s deposited.

The magnhitude of other properties to be desired for
terrain denilal powders are not obvious. A reaerosolizability of
at least the minimum amount in order to be effective 1s a pre-
requisite. This minimum level has not yet been established.
Maximum reaerosolizability for a powder might be a disadvantage
because 1t could concelvably lead to a lower persistence
and yet not be any more effective in denylng terrain. Even the
desired level cf so basic a property as partilcle size has not
yet been established. Since C3 type powders do not need to pene-
trate the respiratory system deeply in order to be effective, one
could seriously conslder using particles larger than the usual
inhalable range. It 1s possible that they would be adequately

11
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reaerosolizable and yet more persistent. Hydrophobicity might
also have an optimum value since powadaers that tend to completely
reject water might have more electrostatic agglomeration effects,

Pmme 2o N P
pC‘SSibl“,’ adversely affccting thelir reavrusulizabllily.

2.3 ) Desired Goals

Upon reflection, 1t seems reasonable as an overall

4 goal that the bhest powder would be one that would deny an area

) of ground for the longest time per gram of material deposited.
Such a powder would be relatively effective, long lasting, and
loglistically practical. These again are the qualities mentioned
above as being desirable. This expression can be quantified in
the form of a performance index (Equation 1).

T.A
_ 4
P.I. = " (1)

P.I. = nperformance index
: Td = Jength of time the area 1s deniled effectively,
: days

A = area denied, meters?

W = welght of agent required, grams

If a concentration of 50 grams of powder per square
meter would effectively deny this terrain for 60 days, the per-
formance index would be 1.2 day-meter? per gram. This index ob-
viously rates more highly the powders that have the optimum com-
bination of two of the major properties of interest, persistence
and logistic practicality.

This performance Ilndex also indirectly includes the
effect of other properties that have been mentloned as being
possibly important. It includes the effect of optimum reaerosoli-
zabillty since values of reaerosolizability that are either too low
or too high would adversely affect Tg. 1t also includes the effect
of optimum particle clze since this may also affect Tg. The op-
timum hydrophobilicity, whether high to mlnimize the caking effects
of molisture or low to decrease electrostatic effects, would also
influence Tj.




2.4 Implications of the Performance Index Concept

The next step is to determine performance index on a
number of powders that have weathered 1n an identical manner. This
can be done by spreading test plots of these powders at varlous
concentrations on the ground at Edgewood Arsenal exposing them
all to uniform weathering and running realistic reaerosolizablility
tests on them as a function of time. Two approaches to making_
realistic reaerosolizability tests have been described recently
(Ref. 2, 3). 1In one, a one-foot diameter wooden disk 1s dropped
inside a man-sized enclosure onto a plot of powder that has been
freshly laid on the bottom, and samples are taken at various heilghts
as a function of time. In the other, a larger, longer enclosure
covering a plot of powder through which people can walk 1s equipped
with sampling devices. The virtue of these tests 1s that samples
of powder are used that are potentially small enough to be accu-
rately characterized, yet the testing is done in such a way as to
avold the effects of metecrologlical variables. These tests should
be done on field-weathered samples that have been statistically
designed to include powders with different hydrophobicities, par-
ticle size, reaerosolizability, and bulk density since there is
reason to belleve that these properties are important. The effect
1s an important factor in the performance index.

Another 1important step 1is the development of labora-
tory tests that predict the results found on these larger scale
tests since the larger scale tests, though necessary, will be
too cumbersome for use in quality control. These tests must be
performed on the samples of powder used in the larger scale testing
from which representative portions have been set aside for lab
scale testing. We would then have samples that can be characterized
and for which we have a basls for classifying as good or bad. The
lab scale tests will probably have to measure reaerosolizability
elther directly or indirectly, but unlike the current tests they
will probably have to be done on artificially "weathered" samples.

The mention of artificially "weathered" samples brings
up another subJect which will require investigation. Along with
the field reaerosolizability tests suggested above, we should also
examine the field plots to determine the mechanism whereby the
powder becomes ineffective (whether by being blown away, caked
together, etc.). These studies would then act as a guide for
formulating laboratory samples of "weathered" powder.

13



Completion of the studies mentioned above should gro-
vide a firm btaslis for formulating quality control tests for CS«2
tearrain denial powdirs. Olaer siudies wlll then become pertinent,
however. Studles of other combinations of hydrophobicity, particle
size, and density not initlally tried may be 1indicated, Different
percentages of Cab-o0-511, different amounts of hexamethyldlsilazane
(HMDS), different production methods, et¢., then become extremely
important. Also, the possibilities of cther coating materiails
to augment or supplant HMDS can be 1investigated, once a mechanlsm

for establishing relative merit of powders has been established.

We belleve that active pursuilt of the terrain denial
program should be organized along the lines indicated above. It
can provide a clear goal upon which the various groups working on
this problem can focus and thus provide a unity to the several
efforts on thils problem, a cocordination which will be necessary
(Ref. 4) 1f this problem is to be solved quickly.

14




3. TASK I - NEW COATINGS-FORMULATION APPLICATION AND
EVALUATION

The purpose of work described in this section was to
study the surface chemistry of powders so as to develop an under-
standing of the variables that determine their disseminabllity.
Two approaches are belng currently pursued: in the first, new
coatlings that are designed to maximize certain properties of
powders (such as hydrogen bonding, hydrophoblcity, etc.) are to
be applled to Cab-o-sil in place of hexamethyldisilazane (HMDS),
and these powders are then to be used to coat the particles of
one substrate powder and will be studled to see how they affect
disseminability. In the second approach, Cab-o-sil and HMDS-
treated Cab-o~sil from the same batch are used to treat different
substrate powders, which are then studied to determine 1if the
substrate powder affects the performance after coating.

3.1 Effect of New Coatings on Cab-o-sil Disseminability

In this study, particles of one substrate powder
from a single homogenized batch are to be coated with Cab-o-sil
particles (also from a single homogenized batch) which have in
turn been coated with new coating materials in place of HMDS.
The 1initial coating materials chosen have been selected to maxi-
mize a certain property (such as hydrophobicity or hydrogen bond-
ing) in order to isolate and enhance the surface forces suspected
of playing a majJor role during dissemination (Ref. 7). These
coatings include (1) pentaerythritol tetrakis(trifluorocacetate)
referred to as PTFA, a compound capable of forming strong hydro-
gen bonds to a Cab-o-sil surface; (2) hexafluoroacetyl acetone,
referred to as HFAA, a compound capable of reacting with surface
silanol groups; (3) 0S-45, a commercial silicate fluid Monsanto
Coy; and (4) trioctylpropyl ammonium bromide, an antistatic agent.

Since these coatings will eventually be compared with
the CS type 2 coating, the following rationale was developed to
facilitate this comparison. Cab-o-sil HS-5 has been reported to
possess a surface sllanol concentration of three groups/(mu)? and
a surface area of 270 m?/g. When coated with hexamethyldisila-
zane (HMDS)each mole of HMDSreacts with two SiOH groups. The
number of SiOH groups per gram of Cab-o-sil is then:

9 2
(3%;3§85) (10 m“) (glgm—) = 8.1 x 1029 groups/g

m g
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Since 1 mole of HMDS =161 g, the theoretical guantity of HMD
to react with all available Si0H groups is:

g HMD for theoretical coverage
g of Cab-o0-sil

8.1 x 10¢9% molecules 161 g/mole
6 x 1023 molecules/mole 2 -
0.108 g = 0.67 mmole

In practice, 40% of the treated Cab-o-sil welght is HMDS; thus
0.67 g of HMDS is used. This represents a sixfold (0.67,0.11)
excess over that required theoretically. Hence, 4.0 mmoles of
HMD are used for each g of Cab-o=-sil (or 0.07 mole for the 18-
gram samples of’ Cab-o-si1l used.

Since each mole of pentaerythritol tetrakls(trifluoro=-
acetate) theoretically covers four SiOH groups, 2 mmoles were
used for each gram of Cab-o-sil (approximately 50% by weight).
Each mole of hexafluorocacetyl acetone theoretically covers 2 SiQOH
groups, hence, 4 mmoles were used for each gram of Cab-o-sil
(approximately U7% by welght). Since 0S-45 is a proprietary ma-
terial whose exact composition has not been revealed, we used
the same quantity as that for HMDS, 40% by weight. The trioctyl-
propyl ammonium bromide is on o:der thus, no coatings were made
with this compound.

In the experimental preparation of coated Cab-o-s5il
16.0 grams of HFAA was placed in an Osterizer blender and 18.0
grams of Cab-o-sil HS-5 was added slowly. When the addition
was completed, the mlixture was blended for two minutes., Only
the lowest speed was used. This material was placed in a
Jar for future use.

Since PTFA 1s a solid, 1t was necessary to dissolve it
in a solvent and apply it as a solution in order to spread it
evenly over the Cab-o-sil surface. Twenty grams of PTFA

16




were dissolved in 500 ml of CHCL3 and a portion of thils was

placed in an Oster blender. The~“Cab-o-sil was then added

slowly until the blender began to vibrate. More of the PFTA

solutiocn was then added. When all the Cab-o-sil had been added,

the mixture was blended at low speed for two minutes. The mix-

ture was then placed in an oven to dry at 60°C for two hours.

This drying process was too slow, so the mixture was spread in

a thin layer on aluminum foll and allowed to dry overnight.

The dried powder formed a cake, which was broken up using an :
Osterizer blender for 15-30 seconds. The resulting powder con- i
sisted of large agglomemes so the container was rolled overnight ;
at 288 RPM in an attempt to break them up. This procedure did :
not break up the powder sufficlently so it was ball milled for !
4 hours with Burundum cylinders. This reduced the particle size i
consliderably; however, particle slze counts have not yet been
obtained.

The same process was used for 12 g of 0S-45 except
that heptane was used as the solvent. The powder produced was
also badly agglomerated. The same procedures were used to
break up the millimeter-size agglomerates, and it was again
found that ball milling was necessary in order to effectively
reduce their size.

3.2 Studies of the Effect of Substrate Powders on
Disseminablility

Since large differences in the behavior of samples of
CS-1 and CS-2 have been noted, the gquestion arises as to whether
the differences are due to variations in the Cab-o-sll coating,
variations in the CS particles that are coated, or whether both
effects are important. In order to shed light on this question,
we decided to take one speciflc batch of Cab-o-sil, coat different
particles with it, and test the resulting mixture to see if the
variation in substrate powders significantly affected the dissemi-
nability ot themlxture.Having removed such variables as specific
lot of Cab-o-sil particles, size of Cab-0-sil particles, speci-
flec surface area of Cab-o-sil, and nature of chemical surface
on the Cab-o-sil particles, we should have been in the position
to attribute differences in the disseminablility to characteris-
tics of the coated powder particles.

Powders selected for this study included CS, cornstarch,

glycine, resorcinol, and saccharin. These powders were selected
since characterized samples of each of them were available, and

17




these samples are all known to contaln a large fractlion of
particles with sizes of the inhalable range, A sizable quantity
of Cab-o-sil HS=~5 was blended and a sample was withdrawn.
Fighteen gzrams of thls Cab-0-sil was poured into an Oster

(Model 641) blender into which twelve grams cf hexamethyldi-
silizane (HMDS) had been previously added, The Cab-g-sil

was added slowly with the Osterizer running at 1ts lowest speed
to minimize aerosolization of the Cab-o~-sil. This powder, con-
taining 40 wt. % of HMDS, was then ready for coating of powders.

The powders to be coated were divided into four samples.
One was retained as a control sample and nothing was done to 1t.
The second sample was placed in the Osterizer and stirred for
two minutes. The third sample (10 grams of powder) was placed
in the Osterizer with sufficlent untreated Cab-o-sil that the
0.5 grams of Cab-o0o-sil formed a mixture containing 4.8 wt., %
Cab=0-sll. This mixture was stirred for two minutes. Ten grams
of the fourth portion of the powder were placed in the Osterizer
with 0.86 gram of HMDS treated Cab-o-sil and this mixture was
milled at low speed for two minutes. Thls mixture then con-
tained U,7% Cab-o-sil, which was essentially the same amount
as was added to the third batch of powder.

During this powder preparation work 1t appeared that
uncoated Cab-o-sil easily became charged and as a result tended
to stick to the glassware in which it was stored. HMDS treated
Cab-o~s1l, however, did not appear to pick up the charge as
easily.

Some of the basilc properties of the powders used in
these studies are recorded in Table I, including values of ap-
parent density, crystal density, mass median diameter, and wt.
% of powder 16 microns in diameter or less. The cornstarch and
glycine powders have similar mass median diameters,
and apparent denslties, whereas the resorcinol has a lcwer
density and a higher mass median diameter. The particle size
distributions of these three powders are shown in Figure 1.
Measurements of the dielectric constant and electrical conduc-
tivity of the cornstarch and glycine powder made under Contract
No. DAAA-15-67-C-0509 (Ref. 5) indicate that glycine would be
able to leak off charges which build up on 1t considerably
more rapldly than cornstarch.

These powders, with different substrates, were tested
for disseminability using a GCA elutriator and the MRC Reaero-
solizer (Ref. 6). The GCA elutriator should be a valid test

18
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for pneumatic disseminatbility since Edgewood data on GCA elu-
triation and the Mity Mite test on the same powders had 2 very
high correlatioen coefficient (Ref. 6).

The resgults cf the GCA clutriatlion Lests on these pow-
ders are recorded in Table II for the "as recelived," milled,
treated with Cab-o-sl1l, and treated with HMDS plus Cab-o0-sil
forms. The averages of the values quoted 1in Table II and their
standard deviations (in parenthesis) are listed in Table III.

Examination of the data In Table III shows that
there 1s a conslderable range of percent of powder aerosolized
in the "as received," with Cab-o0-sil, and with HMDS-treated
Cab-o-sil conditions. Some of these differences are highly sig-
nificant statistically, as in the case of CS and resorcinol
samples that have been treatsd with HMDS-treated Cab-o-sil.

The difference between these averages 1is significant at greater
than the 99% confidence level. The difference in means be-
tween cornstarch and glycine treated with raw Cab-o-sil

is significant at the 95% confidence level. Many of the other
differences in the table are also significant at fthe 95% level
and additional ones could be proven at thils level if more
samples were run.

The significance of these results is that they show
that the coatings of Cab-o-sil and HMDS-treated Cab-o-sil
applied to these specific substrate particles in thisspecirfie
manner did not completely mask the effect of the substrate par-
ticles. Although large differences in particle size distribu-
tion and particle density of the suvbstrate particles could be
expected to influence the terminal settling veloclty of these
treated particles, the differences of these properties in the
samples the substrate particles used are not large enough to
explain the differences observed. Calculations based upon a
parabolic velocity profile inside the GCA elutriator indicates
a velocity along the center line such that 1t would be expected
to entrain all particles 30 microns or smaller in diameter. The
relatively small difference in percentage of particles in the
HMDS=-treated Cab-o-sil samples of CS and resorcinol are insuf-
ficient to explain the sizable differences in percent aerosolized
for the two samples. The fact that these two samples do per-
form so differently could concelvably be caused by an incomplete
coating of the substrate particles. Further investigation to
determine the cause is planned.
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Tavle III shows a general lncrease 1in percent aero=
solization for basic particles treated with Cab-o-sil and a
further increase in aerosolizability for particles treated with
HMDS~treated Cab-o-sil. The only exception tc thils trend noted

n A o
was for the case of treating cornstarch, where degree of

solization decreased from 20.7 to 12.4%.

[ Yah oo
Ut L v

MRC reaerosollizabllity tests were also run on these
same powders. The data from these runs are recorded 1n Table
IV. Averages of the data In Table LV and the standard devia-
tions (in parenthesis) are shown in Table V.

The standard devlations on the reaerosolizability

data shown in Table V are in general lower than the values for
GCA elutriation in Table III. Therefore, it 1s easier to show
statistical significance for differences between the averages
listed. Because the standard deviations are so low, almost
all of the averages listed in this table can be statistically
proven to be different from the others. As a consequence, it
1s easy to show that these substrate powders all behave dif-
ferently when treated with raw Cab-o-311 or the HMDS-treated
Cabo-sil. It 1s interesting to note that upon comparison of
the data 1in Tables III and V, that CS and zlycine samples
tended to give the highest results when treated with either
Cab-0-5il or HMDS-treated Cab-o-sil and that the rescrcinol
powders tended to give low results 1in all of these cases.
This would indicate that the agglomeration forces acting du-
ring the performance of both of these tests affected the pow-
ders similarly, although of course, the percent of powder re-
aerosolized was, in most cases, less than that aerocsolized 1n
the GCA apparatus, as has been previously observed,

As in the case with the GCA elutriation tests, treat-
ment of the raw powders with Cab-0-sil increased the reaero-
solizability in all cases except that of cornstarch. Treatment
with HMDS-treated Cab-0o-sll was effective 1in increasing re-
aerosolizabillty with all five powders tested. As in the case
of the GCA elutirilatlon tests, it 1s suspected that the large
differences seen in reaerosolizabllity of these powders may
be due to incomplete coating. Investigation of this point is
important since establishment that the characteristics of the
substrate particles do not significantly affect performance if
they are properly coated with raw Cab-o-5il1l or HMDS-treated
Cab-o-sil could help us know under what conditlions these types
of coatings could be successfully used with different substrate
particles wlthout loss of performance.
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Table IV

MRC REAEROSOLIZATION DATA ON GAMPLES

WITH VARIOUS SUBSTRATE PARTICLES

Substrate
‘Particles ) Condition Amount Reaerosolized (%)
Cornstarch As Recelved 12.3,5.7,7.4,8.4

Milled 2 Minutes -

With Cab-o-sil 5.9,10.3,7.6

With HMDS treated Cab-o-sil 14.3,12.5,18.0,17.9
CcS As Recelved 7.0, 6.8

Milled 2 Minutes ————

With Cab-o-sil 21.2,22.0

With HMDS treated Cab-o-sil 38.2,40.0
Glycine As Received by, 4.0

Milled 2 Minutes ———

With Cab-o-sil 24.5,25.8

With HMDS treated Cab-o-sil 51.2,46.8
Resorcinol As Recelved 1.0, 1.5

Milled 2 Minutes ———

With Cab=-o-sil 12.3,10.3

With HMDS treated Cab-o-sil 14.3,13.4
Saccharin As Recelved 4,1, 4.1

Milleéd 2 Minutes
With Cab-o-s11l
With HMDS treated Cab-o-sil

23.2,14.3,23.0
37.3,39.9

Table V

SUMMARY OF MRC REAEROSOLIZABILITY RESULTS
ON SAMPLES WITH VARIOUS SUBSTRATE PARTICLES

Amount Reaerosolized (%) and Standard Deviation

wWith HMDS
Substrate As With Treated
Particles Recelved , Milled Cab-o-sil Cab-0-sil
Cornstarch 8.4 (2.8) - 7.9 (2.2) 15.6 (2.7)
Cs 6.9 (0.1) - 21.6 (0.6) 39.1 (1.3)
Glycine 4,2 (0.3) - 25.1 (0.9) 49.0 (3.1)
Resorcinol 1.2 (0.4) - 13.3 (1.4) 13.8 (0.6)
Saccharin 4,1 (0.0) - 20.1 (5.1) 38.5 (1.8)
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L, TASK I «- DEVELOPMENT OF QUALITY CONYTROL TESTS

The objective of Task II 1s tc develop quality con=-
trol tests which will differentlate between good and bad samples
of CS=2. Numerous gquality control té&sts were developed for (1)
reaerosolizability, (2) particle size, (3) particle density,

(4) flowability, (5) hydrophobicity, (6) sintering, (7) agglom-
eration, and (8) chemical composition. Studies were also made
of aerosollzabllity, electrical propertiesg, and particle sur-
face characteristics (Ref. 6<7). Additional studies have been
made this quarter to (1) determine the effect of sample silze

on reaerosolizability, (2) measure the adsorbed water and
silanol OH on €3 alpha E-218-8407" and CS=2 green U401, (3) deter-
mine the effect of molsture on rearrosolizability, (l) further
evamine the particle cusflace characteristics of samples, and
(5) perform multiple correlation studles of the data previously
collected.

b,1 ~ Effect of Sample Size Upon Reaerosolizability

The MRC reaerosolizability test consists of depositing
a sample of the powder to be tested on the surface of a glass
frit (Corning 36060) which has a cross-sectional area of 25.6
square centimeters. Dry nitrogen is then passed upward through
the frit at a rate of 200 cc/sec and the reaerosolized powder
is collected on a filter paper at the top of the apparatus
(Ref. 6). Preliminary results showed that the amount of reaero-
solizalility found by weighing the filter papers at the top of
the apparatus varied depending upon the sample size used. It
was decided to further investigate thils effect.

Samples of various sizes of powders, CS-alpha E-218-84
P.T., CS~alpha 7-48-2, C5-2-17 P.T., CS-2-26 Northrop Carolina,
and CS-2-28 Dropped Spheres were used in these tests. The data
obtained in these tests are recorded in Tables VI through X
and these data are plotted in Figures 2 through 6.

Examination of these figures shows that the percen-
tage of the samples reaerosolized definitely tends To increase
in all five samples as the sample sizes increase. The curves,
however, do not have the same shape. The percentage reaero-
solized seems to rise continuously and cmcothly for samples
{S-aipha 7-48-2 and ¢S5-2-28 Dropped Spheres; the other three
samples all show discontinuity in their curves. The sharp
breaks seen in the curves for CS~-alpha E-218-84 P.T., CS-2-
18-17 P.T., and C3-2-26 Northrop Carolina occur just above
0.2-, 0.2-, and 0.3-gram sample welghts, respectively. These
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Table VI

REAEROSOLIZABILITY DATA FOR CS-ALPHA E-218-84 P.T. ) '
AS A FUNCTION OF SAMPLE SIZE

Sample Reaerosolizability
Weight (8) (%)
r.
0.10 14,0
0.14 32.5
’ 0.18 28.2
0.20 33.6
0.23 33.6
0.28 35.0
0.34 U8 .0
; 0.37 34.5
| 0.41 36.9, 38.0
0.54 35.9 )
Table VII

REAEROSOLIZABILITY DATA FOR CS-2-26 NORTHROP CARCLINA
AS A FUNCTION OF SAMPLE SIZE

} Reaerosolizability
Weight (g) (%)
| 0.11 0.7
0.30 .2 0.9
0.31 i
0.42 1C¢.2 6.3
i 0.50 .7

28
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Table VIIT

REAEROSOLIZABILITY DATA FOR CS~2-17 P.T. AS

A FUNCTION OF SAMPLE SIZE

Weight (g) Reaerosolizability (%)
0.04 7.3
0.10 18.5
0.11 10.6 12,0 14.2 14,2 15.5 15.9
0.13 13.7 14,0 26.0
0.20 28.0 31.0
0.21 47.5
0.22 31.8 45,4
0,24 50.8
0.25 47.3 48.7
0.27 52.5
0.29 23.2
0.30 53.4 54,0
0.31 50.8
0.32 52.5
0.35 54,6
0.36 55.5
0.38 54,2
0.40 43.3
0.42 58.6
29




Table IX

REAEROSOLIZABILITY DATA FOR CS~ALPHA 7-48-2
AS A FUNCTION SAMPLE SIZE

Welght (g) Reaerosollzability (%) : ‘
C.05 4,3 :
0.07 6.5 8.4

& 0.0 4.1
0.11 9.1
0.12 5.7 9.0
0.13 20 .4
0.14 10.2
0.15 6.0 6.6
0.17 9.0
0.25 16.1
0.26 13.4 .
0.31 12.2
0.51 22.0

Table X

E REAEROSOLIZABILITY DATA FOR CS-2-28 DROPPED SPHERES
| AS A FUNCTION OF SAMPLE SIZE

Weight (g) Reaerosolizability (%)
0.10 12.7 '
0.20 33.6 «
0.27 33.3
0.28 38.8 :
0.30 41.3
0.42 56.0

i
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sanples have apparent densities of 0.21, 0.22, and 0.30 gram
per cc (Ref. v). This then turns out to bc a sample thlckness
of 0.040 centimeter for each of these samples, which is equal
to a deposit of roughly 10C grams per square meter. That the
reaerosolizapility 18 connected to deposit thickness 1s reason-
able based upon our observations of the reaeross>lizability
test. For thin samples the gas ceems t¢ channel betweéen agsiom-
erates of particles; whereas for thicker samples of the same
material, the gas 1lifts the whole layer of powder and seen’ .0
reaerosolize a larger percentage of Lt when this layer breaks
up and tries to settle.

It would appear from these data that a powder thick-
ness exists at which sharply increased reaerosolizability may
occur, but that this thickness, being close to 100 g/meici’
(assuming an apparent density of 0.25 gram/sq. cm.), 1s so nigh
as to be logistically undesirable for fleid use. At the lower
levels of practical usage, the percent reaerosolizabllity seems
to increase linearly with sample deposit thickness tor all of
the samples tested, although the slope 1s very low for CS5-2-2bt
Northrop Carolina.

4,2 Chemical Analysis

The adsorbed water and silanol OH were determined
on the additional two samples: ¢S alpha E-218-84 P.T. and CS=2
green #401 using the methods already outlined (Ref. 6).

% Total % Adsorbed % H % OH

Sample . , QOH H,0 (i1,0) Silanol
€S alpha E-218-84 P,T. 0.19 0.070 0.13 0.06
CS~-2 green #401 0.17 0.070 0.13 0.04

The results fur the two materials are very similar
and hence fall to supply any additional information as to the
reason for the great difference in the reaerosolizabillity as
measured by the MRC apparatus for the two samples. In general,
the % OH silanol tends to be lower than most other samples
cf CS that have been studied whereas the amount of adsorbed
water tends to be higher than most other samples. The total
OH found for these two samples 1s very close to the average
of 0.20% for all the samples studied.
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A3 Effect of :lumidity con Re.erosolfzability

keaerosnllzabllity measurements made lust winter were
noted to be a function of samplc 3iZe¢ used, but otherwise were
constant for a given gas flow rate. When additional experiments
were started thias spring to further elucidate the effect of
sample size upon reaercsolizability, erratic results were noted.
Samples of CS-2-17 P.T. weighing 0.28 and 0.34 gram had reaero-
solizabilities of 49.0 and 43.4 percsnt, respectively, which
agreed well with results ottained previously (Ref. 6).

Runs taken a few days later, however, with 0.16-
gram samples ylelded very low reaerosolizabkillities, so a2 new
sample was taken from the bottle. The bottle was rolled for
one hour to produce uniform blending of the sample. Runs made
on that day and the succeeding two days were consistent with
the high values of reaerosolizability expected for this powder.
On the fourth day, however, a value somewhat lower than expected
was obtained and the high humidity present that day was suspected

as being a possible cause. The results of these tests on CS-2=17
P.T, are summarized in Table XI.

The effects of humldity on reaerosolizabillty were
also noted on samples of CS-2-28 dropped spheres. From our
work on the study of reaerosolizability versus sample slze,
a sample of 0.30 gram of this powder would be expected to
reaercosolize to approximately 40%. One sample of this ma-
terial that had not beern disturbed during the previous month
was run using & 0,30--gram quantity and ylelded a reaerosolil-
zabllity of 29.4%. A sample of thls powder that had been
removed from the bottle the previous day and stored overnight
in an open contalner exposed to the humid atmosphere ylelded
a reaerosslizablility of 15.2% when tested at the same sample
slze, The next day the sample was rolled for one-half hour

and a 0.,30-gram sample gave results typical of those expected
based upon our experience last winter. The following day,
however, when this material was retested the reaerosoliza-

These

bilities were measured as being only nalf as high.
data are recorded 1in Table XII.
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Table XI
MRC REAFROSNI.TZARTLITY TESTS ON (S2-17 P.T,
Sample

Tate Sample Trealment Size, (g) Heaerosollzability (%)
3-20-68 Not rolled during 0,284 49.0

previous month
3~21-68 Not. rolled during 0.336 h3.4

previous month :
3-25-68  Not rolled during 0.164 9.5 f

previous month ]
3=-26-68 Not rolled during 0.154 6.7

previous month
4-1-68 Rolled U4-1-68 0.353% 54,6 f
h-2-68 Rolled 4-1-68 0.416 58.6
4_2-68 Rolled 4-1-68 0.362 55.5
4-2.68 Rolled 4-1-68 0.213 47.5
4.3-68 Rolled 4-1-68 0.303 54,2
4-4.68 Rolled 4-1-68 0,112 12.0
4-5-68 Rolled l-5-68 0.115 15.9
4.11-68 Rolled U4-11-68 0,106 10.6

N¢ varilatiors of reaerosolizatility with time or sample pretreat-
ment were noted previously when runs were made in Decemter and
February. The present tendency for sample degradation with time
seems to have started early in Aprll, which coincides with the
onset of higher humidity in Dayton.

38
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Table XII

EFFECT OF SAMPLE TREATMENT ON

REAEROROI.TZARILITY OF €S 2-28 DROPPED SPUERES
Date
of . Sample
Run Sample Treatment Size (g) Reaerosolizability (%)
ha29-68 Not rolled during pre- 0.30 15.2
vious month, sample
€xposed to humid air
overnight
I-29-68 Not rolled during pre- 0.30 29,4
vious month, sample
not exposed to humid
alr
4-30-68 Rolled 4-30-68 0,30 b4i.3
5-1-68 Rolled 4-30-0G8 0.31 21.6
5-1-68 Rolled 4-30-68 0.31 19.2
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Qur experiernce last winter 1lndicated that powder 1in
tne bottles gave the same percent reaerosollzability when

tested even weeks apart under conditions in which the bottle
was opened periodically but in whien the pouwder wgs not dis-
turbed. This shows that the changes ol reaerosolizablility
with time in Aprll cannot be attributed to aging, especlally
since the temperaturc where the powders were stored did not
change from winter through April. We, therefore, attribute
the changes in the undisturbed powder that have occurred

as bteing due to humidity since we know of no other factor rela-
tive to these samples that has changed between the Aprll time
period and the preceding winter. It 1s apparent from the data
that the humidity caused increased agglomeration of these pow-
ders and that the percent reaerosollzabllity was dramatically
affected. These effects were also observed visually during
the testing. Samples that were exposed to moisture were seen
Lo agglomerate on the glass frit to a much greater degrev than

those that were rolled to break up the agglomerates caused by
humildity.

The values of reaerosolizabllity previously recorded
for all of our powders were for samples 1n the ary condition and

hence do not include the effect of agglomeration due to humidity.

The fact that humidity does dramatically cause agglomeration

1s of considerable potential significance in this program, how-
ever, because humidity will limit the reaerosolizablil.ty and
hence the time of denlal factor (T;) in the performance index.
It appears that more information sgould be gathered concerning
the quantitative effect of humidity upon reaerosolizab.lity.

4,4 ~ Particle Surface Characteristics « Electron Photo-
micrographs

A serles of electron photomilcrographs were preuented
in the Second Quarterly Report (Ref. 6) showing the zppearance
ot a number of CS samples, both at a representative magnifica-
tion and of a particular area of one sample at a number of
magnificatlions. It was observed that the photographs shcwed
varlious amounts of shiny and fuzzy partlcle areas in different
proportions for different samples. It was suggested that this
may be a .esult of the degree of coatlng of Cab-o-sil on the
particles, although no apparent relationship was found that
was related to the reaerosollzability of the particular sample.

These samples were prepared by coating an aluminum
sample holder with rubber cement and then dusting scme of the
CS samplie onto the cement. The sample was then given a cosgt~-
ing of aluminum at most several angstroms thick by wvapor

Dl 0




deposition, which acts as a conducting surface to nrevent chaorge
buildup during tne observation of the sample on the electron
microscope. The shiny areas are a result of charge builldup at

a site, which could occur when the curface was nol completely
covered with the conductive aluminum, or as a result of small
particles being lost to expose some fresh sample that had not
been ocvered by the aluminum. It appears to be unlikely that
the aluminum coating would adhere niore strongly to a treated
Cab-o0-sil or a CS particle covered with Cab-o-sil,

The difference observed and reported in the Second
Quarterly Report most likely reflect the irregularity of the
surface of the observed particles; a high irregular surface
would be less completely coated than a smooth surface. As
a result, the reported results would have little relation to
the other measured properties of the CS materials.

A series of electron photomicrographs (Figures 7-14)
have been obtained for samples before and after collection on
the filter of the MRC reaerosolizability apparatus to determine
if any significant change could be noted in the physical appear-
ance as a result of reaerosolization., No apparent difference
was observed for all the samples studled with the exception of
a sample of CS-Alpha 7-48-2. The sample studied before re-
aerosolization showed a number of smooth spherdical agglomerates
with none of the coarse appearance seen f<r the remainder of
the samples. After reaerosolization, the particles had an
appearance similar to the other samples, but stlll as large
agglcomerates.

Another series of photomlcrographs of CS-Alpha 7-U8-2
(Figures 15, 16) were studied to check these results. 1In this
case, the photographs before and after reaerosolizaticn were
very simllar and much like the other CS samples studled. It
would appear, therefore, that the original sample of CS=Alpha
7-48~2 was not typical of the powder and that the particular
sample studied in the filrst series contained a high percentage
of large smooth agglomerates. A more homogeneous sample of
thls material had the typical appearance of the other CS
samples.

The electron photomicrographs of the repeat series
on CS-Alpha 7-48-2 before and after reaerosolieation at various
magnifications are shown in Figures 7 and 8.
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Figure 7 CS Alpha, Sample 1 -
As Recelved = 935X

Figure 8 CS Alpi.a, Sample 1 -
As Received -~ at 1970X
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Figure 9 CS Alpha, Sample 1 -
As Recelved ~ at 4675X

Figure 10 CS Alpha, Sample 1 -
As Received - at 9350%




Figure 11 CS Alpha, Sample 1 -
After Elutriation -
at 935X

Figure 12 (€S Alpha, Sample 1 -
After Elutriation -
at 1870X

T A A = T -




Figure 13

Figure 14

CS Alpha, Sample 1 -
After Elutriation -
at 675X

CS Alpha, Sample 1 -
After Elutriation -
at 9350X




Figure 15 (€S Alpha, Sample 2 -
As Recelved - at U68X

E
|
; Figure 16 CS Alpha, Sample 2 - :
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4.5 Multiple Correlation Analysis of Data

We have run multiple linear regres.uions using physi-
cal dota on the thirtcen CO formulaticis measured as a pari of
this contract (Ref. 6) to see if the results >f the reaerosoli-
zabllity test we have developed could be predicted as an
algebraic function of these powder properties. The physical
properties which were used as independent variables in these
regressions were bulk density, fluld density, percent water,
and hydrophobilcity (Sparkleen). The regressions were effected
by the backward elimination procedure (Ref. 8) in whieh coef-
ficlients are calculated for all of the terms of the proposed
mathematical model followed by the secuential deletion of thoge

terms whose calculated regrescion ecocefficients have the
lowest significance as measurea by the Student w-test. ‘The
program then selects as the best repression equation the one
with the lowest residual variance,

A summary of the results of the various repressions
we have tried is glven in Table XIII. It can readily be seen
from thls table that using the logarithm of the reaerosoilza-
bility as the dependent variable in place of the reaerosoliza—
bility itself markedly improves the correlation coefficient
of the best regression equation (e.g. the equation with the
lowest residual variance) for the matnematical model being
tested. This substitution also changes the residual variance
by about three orders of magnitude. From —he nest equations
resulting from each individual regressior. equations resulting
from mathematical model 8 and 9 (which exp.ain 78% of the
variation in reaerosolizability) as the overall "best" re-
gression equation. Although this is not the regrescion equa-
tion with the lowest residual variance, and highest <orrela-
tion coefficients and percent variation explained, i, was
chosen on the basis of the following additional considerations.
We insisted that since only 13 data points were used in the
regressions that the "best" regression squation contain no
more than four independent variables. Some of the other
equations that were mcre mathematically favorable as far as
overall closeness of fit were eliminated because they tended
to oscillate widely for certain combinations of the indepen-
dent variables.
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The regression coefficients ana values for the te-
function for ocur overall "best" regression equation are glven
‘n Table XIV and the values predicted by it of reaerosolliza-
bility are compured to the observed values in Table XV. From
stuaying these tws tables, 1t is obvious that despite the over-
all accuracy of the predictions of this regression equation,
there are some relevant independent variables missing. For
example, the differences between the reaerosolizability of
CS=2-Green #U401 and CS~Alpha E-218-84 P.T. cannot be explained
on the basis of the factors we have chosen to include in our
mathematical models. We suspect that surface charge on the

powder particles might be an important factor to be included,

49

el




— e e e

Table XIV

REGRESSION COEFFICIENTS AND YALUES OF t—~FUNCTION
OVERALL "BEST" REGRESSION EQUATION

(Mathematical Models € and §)
Regression i
Variable Symbol Coefflcient t-Value
Hydrophobicity H 0.7053 2.8186
(Percent Water] ! 1/W 0.005323 1.0843
[Fluld Density]™! 1/F 0.6211 3.1498
Hydrophobicity/
Fluid Density H/F ~0.07714 2.2170
Constant C 4,613 - ;
logioR =-4.612 + 0.7083(H)
+0.005323 + 0.6211 - 0.0771M(§) (2)
W B F
R = reaerosolizability
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Table XV

CBEERVEL VALUES OF REAEROSOLIZATION COMPARED WITH
VALUES PREDICTEL BY OVERALL "DESTH ‘
RLORIS3I0H LQUATLIONS (Mathematical Models 8§ and 9)

Cs_Formulation Cuserved (%) Calculated (%)
CS~2-17 PT 48.0 445,06
C§=2-2BFisher 39.4 15.82
C5-2+28Undropped Spheres 38.9 39.40
(8=2-28 Dbropped Spheres 36,1 39.97
C5-2-28-14 35.7 27.83
CS=-BETA 27 .7 5.57
CS~ALPHA*7~-U48-2 12.8 35.92
Cs-2-26 11.0 12.52
CS=-2-28 FT 9.0 12.32
£S-1-% 0.3 1.07
C5-2=-26 Northrop Carolina 0.2 0.16
C5-2-Green-401 b.9

CS~ALPHA E-218-84 pT 48,0
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5. CONCLUSICONS

1. The performance index suggested in this report
offers a realistic measure of quality of performance for pow-
ders in terrain denial applicaticns, and 1t should bLe measured
on samples of powders in the field 1n order to provide a realis-
tic quantitative basis for rating powders for this application,

2. The nature ¢f the substrate particles used when
coated with Cab-0-s1l or with HMDS~treated Cab-o-sil by the
method described in this repcrt made a significant difference

in the rating of the resultant powder by both GCA elutrlation
and MRC rezerosollzability tests.

3. The reaerosollizabllity of the powders tested in
each case increased with increased sample size. In some cases
(but not all) a sharp rise occurred in this curve, but this

rise occurred at sample thicknesses that are too great to be of
practical field significance.

4, Exposure to moisture reduces the reaerosoliza-
bility of CS-2 powders and hence would be expected to signi-
ficantly affect thelr performance index.

5. Multiple correlation analysis shows there is a
good correlation between the logarithm of reaerosolizability
and reciprocal of percent water, hydrophobicity (Sparkleen),
reciprocal of fluid density, and the rates of hydrcophoblcity

to fluild density for the CS powders whose properties were pre-
cisely measured under this contract.
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6. FUTURE WORK

Fulure work on this contract is expected to include:

l. Testing of the new types of ccatings fo
tc determine theilr affect on disseminability via GCA
and MRC reaerosolizability tests.

r Cab~o-=s51il
elutriation

2. Testing of the reaerosolizability of powders using
dry air an place of dry nitrogen.

3. GCA elutriation and MRC reaeroscolizability tests
on samples that have been exposed to controlled humidity,

4. Determination of the reason that the substrate
particles coated with Cab-o-sil and HMDS~-treated Cab-o-sii
differ considerably in disseminability.
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